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1. Introduction 2. Sequence homologies between Neurospora crassa 
Although ribosomes, whatever their origin, fulfil 
the same role in mRNA-directed protein biosynthesis, 
there is an apparent evolutionary discontinuity sepa- 
rating prokaryotic ribosomes and eukaryotic cyto- 
plasmic ribosomes. Whereas the larger subparticle of 
cytoplasmic ribosomes comprises --42 proteins and 3 
RNA species known as 5 S, 5.8 S and L-rRNA (25- 
28 S rRNA), the prokaryotic larger subparticle com- 
prises -34 proteins and only 2 RNA species, 5 S and 
23 S rRNA [l-3]. The absence of 5.8 S rRNA from 
prokaryotes has provoked speculation of the functions 
of 5 S rRNA in prokaryotes and of 5 S rRNA and 
5.8 S rRNA in eukaryotes. It has been suggested [4,5] 
that 5.8 S rRNA is the analogue of prokaryotic 5 S 
rRNA; and also that the roles of 5 S rRNA in pro- 
karyotes have become specialised in eukaryotes so 
that 2 species (namely 5 S rRNA and 5.8 S rRNA) are 
needed to do the same job. 
The appearance of 5.8 S rRNA as a separate species 
and the variations in the mass and nucleotide composi- 
tion of L-rRNA can both be explained in the light of 
several recent developments. We present evidence that 
there are extensive homologies between mature 
L-rRNA of prokaryotes (e.g.,Escherichia coli L-rRNA) 
and the precursor L-rRNA (pre L-rRNA) of eukaryotes 
(e.g., Xenopus laevis pre LrRNA). These homologies 
suggest hat the apparent evolutionary discontinuity 
separating prokaryotes and eukaryotes has arisen as a 
result of mutations altering the processing of pre 
L-rRNA. 
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5.8 S rRNA and the 5’4erminal sequences of 
Escherichia coli L-rRNA 
The 5.8 S rRNA gene of cytoplasmic ribosomes 
lies upstream from the 5’-end of the L-rRNA gene 
[6,1 I] and 5.8 S rRNA appears as a separate entity 
only at a late stage in the processing of pre L-rRNA 
[12]. Nazar [ 131 has suggested that sequences near to 
the 5’-terminus of L-rRNA (23 S rRNA) of E. coli are 
homologous with trout 5.8 S rRNA. We confirm this 
notion since sequences homologous with N. crassa 
[14,15] andhuman5.8 SrRNA [16] can beidentified 
close to the 5’-terminus of E. coli L-rRNA. The 
sequences of 5.8 S rRNA that have been most con- 
served during evolution, and so form a characteristic 
feature of this rRNA species, lie within a stretch of 
-20 nucleotides located at -40-60 nucleotides from 
the 5’-end (see fig. 1 a). The homologous sequence is 
located within 50-70 nucleotides of the 5’-end of 
E. coli L-rRNA (see fig. 1 b). 
3. Presence at the 3’end of Escherichia coli L-rRNA 
of a binding site for 5.8 S rRNA-like sequences 
Within the ribosome, cytoplasmic L-rRNA and 
5.8 S rRNA form a specific complex. We have shown 
[ 151 that a binding site for 5.8 S rRNA is located in 
the region 30-80 nucleotides from the 3’-OH end of 
N. crassa L-rRNA (see fig.la). This is likely to be a 
general model for eukaryotic 5.8 S rRNA-L-rRNA 
interactions, since complex formation between rabbit 
5.8 S rRNA and an oligonucleotide fragment from 
the 3’-OH end of rabbit L-rRNA was demonstrated 
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Fig.1. Possible binding sites for 5.8 S rRNA or 5.8 S rRNA-like sequences at the 3’ends of N. crassa L-rRNA and E. cdi L-rRNA. 
(a) Location of a binding site for N. crassa 5.8 S rRNA at the 3’-end of N. crassa L-rRNA [ 151. Independent studies support the 
involvement of both the 3’-OH [ 171 and 5’-terminal [ 181 sequences of 5.8 S rRNA in binding to L-rRNA. (b) A possible interac- 
tion between 5.8 S rRNA-like sequences at the S’end of E. coli L-rRNA with a binding site at the 3’end (based on [19]). In both 
(a) and (b) sequences common to N. crassa and E. coli rRNA are boxed. Residues of 5.8 S rRNA and 5.8 rRNA-like sequences are 
numbered from the S’end, whereas the residues at the binding sites are numbered from the 3’-end. 
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(A. 3. Colbeck, -I. M. K., R. A. C., unpub~shed). Fur- 
ther, we have shown that hamster 5 8 S rRNA, but 
not N. c~assa 5.8 S rRNA, will interact with this 3’-OH 
fragment from rabbit L-rRNA. Sequence data for 5.8 S 
rRNA and for the 3’-OH terminal sequences of yeast 
[ 1 l] andX. Zuevis [lo] L-rRNA suggest hat a com- 
plex similar to that illustrated in fig. 1 a can also be 
formed in these two species. 
By analogy, we sought and found a binding site 
close to the 3’-end of E. CON L-rRNA for the 5.8 S 
rRNA -like sequences (fig.1 b) that are located near to 
the 5’-end. The extensive homologies between the 
two systems (cf. fig.la,b) extend to sequences close 
to the 3’-ends ofN. crassa and E: coli L-rRNA. Our 
hypothesis leads to the prediction that within the 
ribosome the 5’- and 3’-terminal regions off?. coli 
L-rRNA are in close proximity forming a (5.8 S rRNA- 
like-LrRNA) complex. We infer that because the 
(5.8 S rRNA-like-L-rRNA) complex proposed for 
E. coZi is homologous with the 5 8 S rRNA-L-rRNA 
iV. crassa complex, both complexes are also homol- 
ogous in their functions. The finding by Wrede and 
Erdmann [S] that certain E. co& Gsubparticle pro- 
teins can bind yeast 5.8 S rRNA provides circumstan- 
tial evidence that these proteins interact with 5.8 S 
rRNA-like sequences in E. coli and that the binding 
sites of the proteins are sufficiently conserved to inter- 
act with yeast 5.8 S rRNA. 
4. The region of ~sc~e~c~iu coli L-rRNA (nucleotides 
157-290) is homologous to sequences at the S’end 
of yeast and Xenopus laevis L-I-RNA 
The hundred or so nucleotides at the 5’-end of 
yeast [20] and X. luevis [21] L-rRNA share a high 
degree of homology (see fig.2). The sequences com- 
mon to both species have their counterpart in E. coli 
L-rRNA, but in the region of nucleotides 157-290 
that follow immediately after the 5.8 S rRNA-like 
sequences (see fig.2). 
5. Eukaryotic L-rRNA have additional sequences that 
have diverged rapidly during evolution 
The mass of all bacterial L-rRNA species so far 
examined lies close to 1.05 X 1 O6 Mr. In contrast, the 
mass of eukaryotic L-rRNA is greater by at least 
0.2 X 1 O6 M, and is species specific ranging from 
1.3 X 1 O6 M, in lower eukaryotes to 1.7 X 1 O6 Mr. 
in mammals [l-3]. However, bacterial (e.g., Bacillus 
steurot~er~o~~~lus) L-rRNA and cytoplasmic (e.g., 
rabbit or X. Zaevis) LrRNA appear to have extensive 
features of secondary structure in common [22]. This 
observation and also the finding that distantly related 
cytoplasmic L-rRNA species share common sequences 
[23,24] led to the suggestion that L-rRNA comprises 
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Fig.2. Sequences common to the S’ends of yeast and X. Levis L-rRNA and to residues 157-296 of El cull L-rRNA. The boxes 
indicate regions of homology. The sequences of E. colz’ refer to L-rRNA [ 191, M:,lercas the sequences of the non-coding strand of 
the L-rRNA gene are presented for yeast [20] and X. laevis [21]. 
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a core that has been conserved throughout evolution 
to which highly divergent sequences have been added 
[22,25--281. The conserved core of cytoplasmic 
L-rRNA comprises at least 1000 nucleotides 127,291. 
The divergent sequences range from large tracts (up 
to 1000 nucleotides) of mainly guanine and cytosine 
residues (-80% G + C) found in X. Levis and rabbit 
L-rRNA [22] to large tracts of mainly adenine and 
uracil residues (-24% G + C) found in Drosophila 
melanogaster L-rRNA [26]. The tracts of divergent 
and conserved sequences are intermingled [27,29]. 
We infer that those parts of cytoplasmic L-rRNA 
whose primary sequence has been conserved (27,291 
give rise to secondary structures that are homologous 
with particular regions of native bacterial L-rRNA. 
6. Bridging the evolutionary discontinuity 
The organisation of E. coli L-rRNA and X. laevis 
pre L-rRNA are compared in fig.3 and serve to illus- 
trate a scheme for the evolution of L-rRNA. The two 
species differ by the presence in X. laevis pre L-rRNA 
of sequences analogous to intervening sequences in 
eukaryotic genes. We propose that these features arose 
during evolution as the result of the insertion of addi- 
tional sequences into L-rRNA genes and subsequent 
mutations at one or more processing sites leading to 
the incorporation of inserted sequences into mature 
L-rRNA and generation of a 5.8 S r-RNA species. These 
divergent (non-conserved) sequences of cytoplasmic 
L-rRNA have no counterpart in bacterial L-rRNA, 
but they appear to resemble the spacer sequences of 
the rRNA gene cluster in their overall nucleotide com- 
position. In X. laevis and rabbit L-rRNA the divergent 
sequences are G + C rich [22] and so are the spacer 
sequences [ 2 1 ] and in Drosophila melanogaster 
L-rRNA the divergent sequences are A f U rich 1261 
and apparently so are the spacer sequences (3 I ]. 
In X. laevis pre L-rRNA, it appears as though 5.8 S 
rRNA and L-rRNA are separated by an intervening 
sequence (the so-called internal transcribed spacer-2 
[ITS-21). In this case, the ITS-2 sequence is excised, 
although the two L-rRNA fragments remain unligated. 
The divergent sequences within L-rRNA may be 
Scale c 
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Fig.3. Comparison of the organisation of &. coli L-rRNA and X. Iaevis pre L-rRNA. Known regions of sequence homology (see 
fig.l,2) are boxed. Sequences amounting to -0.4 X lo6 M, are tightfy conserved among eukaryotes, as shown by analysis with 
restriction endonucleases and hybridisation with heterologous L-rRNA probes [ 27,293. About 0.4 X IO6 Mr of L-rRNA of rab- 
bit, X Levis, I?. coli and B. stearotkermopkih have features of secondary structure in common [22]. It is inferrred that those 
sequences common to eukaryotes are also present, but less stringently conserved, in bacterial L-rRNA. Tracts of eukaryotic 
L-rRNA have diverged very rapidly. In X. laevis these divergent sequences are G + C rich [22] and in this respect they resemble 
spacer sequences [211. The positions of these tracts have been identified by electron microscopy using the technique of denatura- 
tion mapping [ 301. These locations have been related to the restriction endonuclease maps of X. laevis L-IRNA gene [27]. The 
position of the internal transcribed spacer region-2 (ITS-2) that is removed on processing to generate a separate 5.8 S rRNA spe- 
cies is indicated. This region is G + C rich [ 211. The approximate locations of major tracts of divergent sequences are also indi- 
cated and are designated spacer-like region A and spacer-like region B. They are considered as insertions into the L-rRNA, although 
they are not removed in processing. It is proposed that the evolutionary diversity apparent in eukaryotic L-rRNA [1,22,26-281 is 
generated by variations in the mass and nucleotide composition of the spacer-like insertions. 
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